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Diaphorase
Readout B:

{excitation at 5685 nm)
Flucrescent gt 580 nm)
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MITOCHONDRIAL ALDEHYDE
DEHYDROGENASE-2 MODULATORS AND
METHODS OF USE THEREOF

CROSS-REFERENCE

This application is a continuation of U.S. application Ser.
No. 13/214,937, filed Aug. 22, 2011, which is a continuation
of U.S. application Ser. No. 12/044,870, filed Mar. 7, 2008,
which claims the benefit of U.S. Provisional Patent Applica-
tion No. 60/905,963, filed Mar. 8, 2007, the disclosures of
each of which applications are incorporated herein by refer-
ence in their entirety.

STATEMENT REGARDING FEDERALLY
SPONSORED RESEARCH

This invention was made with Government support under
contract AA011147 awarded by the National Institutes of
Health. The government has certain rights in the invention.

BACKGROUND

Tissues deprived of blood and oxygen undergo ischemic
necrosis or infarction with possible irreversible organ dam-
age. In some circumstances, such as during surgery, interrup-
tion of blood flow resulting in ischemia of some organ is
unavoidable. In addition, in the case of solid tumors, it is
desirable to interrupt the blood flow and actually induce
ischemia. Once the flow ofblood and oxygen is restored to the
organ or tissue (reperfusion), the organ does not immediately
return to the normal preischemic state. For example, in the
case of the ischemic myocardium, reperfused postischemic
non-necrotic myocardium is poorly contractile and has
reduced concentrations of high energy nucleotides, depressed
subcellular organelle function and membrane damage that
resolves only slowly.

Mitochondrial aldehyde dehydrogenase-2 (ALDH2) is
encoded in the nuclear genome and is transported into mito-
chondria. ALDH2 is a tetrameric protein composed of four
identical subunits, each consisting of 500 amino acid resi-
dues. This tetramer can be regarded as a dimer of dimers. The
interface between monomers that form a dimer is different
and more extensive than the interface between the two dimers
that form the tetramer. Each subunit is composed of three
main domains: the catalytic domain, the coenzyme or NAD*-
binding domain, and the oligomerization domain.

LITERATURE

Larson et al. (2005) J. Biol. Chem. 280:30550; Li et al.
(2006) J. Clin. Invest. 116:506; US Patent Publication No.
2005/0171043; PCT Publication No. WO 2005/057213.

SUMMARY OF THE INVENTION

The present invention provides compounds that function as
modulators of mitochondrial aldehyde dehydrogenase-2
(ALDH2) activity; and pharmaceutical compositions com-
prising the compounds. The present invention provides thera-
peutic methods involving administering a subject compound,
or a subject pharmaceutical composition. The present inven-
tion further provides assays for identifying agonists of
ALDH2.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1A and FIG. 1B provide the amino acid sequence of
human ALDH2 (SEQ ID NO:1) and the amino acid sequence
of'an E487K variant of human ALDH?2, respectively.
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FIG. 2 schematically depicts a fluorescent aldehyde dehy-
drogenase enzymatic assay.

FIG. 3 depicts the effect of two exemplary ALDH2 ago-
nists on enzymatic activity of an E487K variant of human
ALDH2.

FIG. 4 depicts the effect of two exemplary ALDH2 ago-
nists on enzymatic activity of an E487K variant of human
ALDH2.

FIG. 5, panels a-c, depict the structure of exemplary
ALDH2 agonists (FIG. 5, panel a); and results showing the
specificity of exemplary ALDH2 agonists for ALDH2 (FIG.
5, panels b and c¢).

FIG. 6, panels a-d, depict the effect of an exemplary
ALDH2 agonist in an ex vivo model of myocardial infarction.

FIG. 7 depicts the activity of various ALDH2 agonists on
an BE487K variant of human ALDH?2.

FIG. 8 depicts inhibition of ALDH2 by an exemplary
ALDH2 antagonist.

FIG. 9 depicts inhibition of ALDH2 by an exemplary
ALDH2 antagonist.

FIG. 10 depicts inhibition of ALDH2 by an exemplary
ALDH2 antagonist.

FIG. 11 depicts the effect of an exemplary ALDH2 agonist
in an in vivo model of myocardial infarction.

FIG. 12 depicts the effect of compounds BDDB, X0O-43,
and X0O-44 on ALDH2 activity.

DEFINITIONS

As used herein, the term “mitochondrial aldehyde dehy-
drogenase-2” or “ALDH2” refers to an enzyme that oxidizes
analdehyde (e.g., a xenogenic aldehyde, a biogenic aldehyde,
or an aldehyde produced from a compound that is ingested,
inhaled, or absorbed) to its corresponding acid in an NAD™*-
dependent reaction. For example, ALDH2 oxidizes alde-
hydes derived from the breakdown of compounds, e.g., toxic
compounds that are ingested, that are absorbed, that are
inhaled, or that are produced during normal metabolism.

The term “ALDH2” encompasses ALDH2 from various
species. Amino acid sequences of ALDH?2 from various spe-
cies are publicly available. For example, a human ALDH2
amino acid sequence is found under GenBank Accession Nos.
AAH02967 and NP_000681; a mouse ALDH2 amino acid
sequence is found under GenBank Accession No.
NP_033786; and a rat ALDH?2 amino acid sequence is found
under GenBank Accession No. NP_115792. The term
“ALDH2” as used herein also encompasses fragments, fusion
proteins, and variants (e.g., variants having one or more
amino acid substitutions, addition, deletions, and/or inser-
tions) that retain ALDH2 enzymatic activity. Specific enzy-
matically active ALDH?2 variants, fragments, fusion proteins,
and the like can be verified by adapting the methods described
herein. An example of an ALDH2 variant is an ALDH2
polypeptide that comprises a Glu-to-Lys substitution at
amino acid position 487 of human ALDH2, as depicted in
FIG. 1B (amino acid 504 of SEQ ID NO:2), or at a position
corresponding to amino acid 487 of human ALDH2. This
mutation is referred to as the “E487K mutation”; the “E487K
variant”; or as the “Glu504Lys polymorphism”. See, e.g.,
Larson et al. (2005) J. Biol. Chem. 280:30550; and Li et al.
(2006) J. Clin. Invest. 116:506. An ALDH?2 variant retains at
least about 1% of the enzymatic activity of a corresponding
wild-type ALDH2 enzyme. For example, the F487K variant
retains at least about 1% of the activity of an enzyme com-
prising the amino acid sequence depicted in FIG. 1A (SEQ ID
NO:1).
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The term “isolated compound” means a compound which
has been substantially separated from, or enriched relative to,
other compounds with which it occurs in nature. Isolated
compounds are at least about 80%, at least about 90% pure, at
least about 98% pure, or at least about 99% pure, by weight.
The present invention is meant to comprehend diastereomers
as well as their racemic and resolved, enantiomerically pure
forms and pharmaceutically acceptable salts thereof.

“Treating” or “treatment” of a condition or disease
includes: (1) preventing at least one symptom of the condi-
tions, i.e., causing a clinical symptom to not significantly
develop in a mammal that may be exposed to or predisposed
to the disease but does not yet experience or display symp-
toms ofthe disease, (2) inhibiting the disease, i.e., arresting or
reducing the development of the disease or its symptoms, or
(3) relieving the disease, i.e., causing regression of the disease
or its clinical symptoms.

A “therapeutically effective amount” or “efficacious
amount” means the amount of a compound that, when admin-
istered to a mammal or other subject for treating a disease, is
sufficient, in combination with another agent, or alone in one
or more doses, to effect such treatment for the disease. The
“therapeutically effective amount” will vary depending on
the compound, the disease and its severity and the age,
weight, etc., of the subject to be treated.

The terms “subject,” “individual,” and “patient” are used
interchangeably herein to a member or members of any mam-
malian or non-mammalian species that may have a need for
the pharmaceutical methods, compositions and treatments
described herein. Subjects and patients thus include, without
limitation, primate (including humans), canine, feline, ungu-
late (e.g., equine, bovine, swine (e.g., pig)), avian, and other
subjects. Humans and non-human mammals having commer-
cial importance (e.g., livestock and domesticated animals) are
of particular interest.

“Mammal” refers to a member or members of any mam-
malian species, and includes, by way of example, canines;
felines; equines; bovines; ovines; rodentia, etc. and primates,
particularly humans. Non-human animal models, particularly
mammals, e.g. anon-human primate, a murine (e.g., a mouse,
a rat), lagomorpha, etc. may be used for experimental inves-
tigations.

The term “unit dosage form,” as used herein, refers to
physically discrete units suitable as unitary dosages for
human and animal subjects, each unit containing a predeter-
mined quantity of compounds of the present invention calcu-
lated in an amount sufficient to produce the desired effect in
association with a pharmaceutically acceptable diluent, car-
rier or vehicle. The specifications for the novel unit dosage
forms of the present invention depend on the particular com-
pound employed and the effect to be achieved, and the phar-
macodynamics associated with each compound in the host.

The term “physiological conditions” is meant to encom-
pass those conditions compatible with living cells, e.g., pre-
dominantly aqueous conditions of a temperature, pH, salinity,
etc. that are compatible with living cells.

A “pharmaceutically acceptable excipient,” “pharmaceuti-
cally acceptable diluent,” “pharmaceutically acceptable car-
rier,” and “pharmaceutically acceptable adjuvant” means an
excipient, diluent, carrier, and adjuvant that are useful in
preparing a pharmaceutical composition that are generally
safe, non-toxic and neither biologically nor otherwise unde-
sirable, and include an excipient, diluent, carrier, and adju-
vant that are acceptable for veterinary use as well as human
pharmaceutical use. “A pharmaceutically acceptable excipi-
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ent, diluent, carrier and adjuvant” as used in the specification
and claims includes one and more than one such excipient,
diluent, carrier, and adjuvant.

As used herein, a “pharmaceutical composition” is meant
to encompass a composition suitable for administration to a
subject, such as a mammal, especially a human. In general a
“pharmaceutical composition™ is sterile, and is free of con-
taminants that are capable of eliciting an undesirable
response within the subject (e.g., the compound(s) in the
pharmaceutical composition is pharmaceutical grade). Phar-
maceutical compositions can be designed for administration
to subjects or patients in need thereof via a number of differ-
ent routes of administration including oral, buccal, rectal,
parenteral, intraperitoneal, intradermal, intracheal and the
like. In some embodiments the composition is suitable for
administration by a transdermal route, using a penetration
enhancer other than dimethylsulfoxide (DMSO). In other
embodiments, the pharmaceutical compositions are suitable
for administration by a route other than transdermal admin-
istration. A pharmaceutical composition will in some
embodiments include a subject compound and a pharmaceu-
tically acceptable excipient. In some embodiments, a phar-
maceutically acceptable excipient is other than DMSO.

As used herein, “pharmaceutically acceptable derivatives”
of a compound of the invention include salts, esters, enol
ethers, enol esters, acetals, ketals, orthoesters, hemiacetals,
hemiketals, acids, bases, solvates, hydrates or prodrugs
thereof. Such derivatives may be readily prepared by those of
skill in this art using known methods for such derivatization.
The compounds produced may be administered to animals or
humans without substantial toxic effects and either are phar-
maceutically active or are prodrugs.

A “pharmaceutically acceptable salt” of a compound
means a salt that is pharmaceutically acceptable and that
possesses the desired pharmacological activity of the parent
compound. Such salts include: (1) acid addition salts, formed
with inorganic acids such as hydrochloric acid, hydrobromic
acid, sulfuric acid, nitric acid, phosphoric acid, and the like;
or formed with organic acids such as acetic acid, propionic
acid, hexanoic acid, cyclopentanepropionic acid, glycolic
acid, pyruvic acid, lactic acid, malonic acid, succinic acid,
malic acid, maleic acid, fumaric acid, tartaric acid, citric acid,
benzoic acid, 3-(4-hydroxybenzoyl)benzoic acid, cinnamic
acid, mandelic acid, methanesulfonic acid, ethanesulfonic
acid, 1,2-ethanedisulfonic acid, 2-hydroxyethanesulfonic
acid, benzenesulfonic acid, 4-chlorobenzenesulfonic acid,
2-naphthalenesulfonic acid, 4-toluenesulfonic acid, cam-
phorsulfonic acid, glucoheptonic acid, 4,4'-methylenebis-(3-
hydroxy-2-ene-1-carboxylic acid), 3-phenylpropionic acid,
trimethylacetic acid, tertiary butylacetic acid, lauryl sulfuric
acid, gluconic acid, glutamic acid, hydroxynaphthoic acid,
salicylic acid, stearic acid, muconic acid, and the like; or (2)
salts formed when an acidic proton present in the parent
compound either is replaced by a metal ion, e.g., an alkali
metal ion, an alkaline earth ion, or an aluminum ion; or
coordinates with an organic base such as ethanolamine,
diethanolamine, triethanolamine, tromethamine, N-methyl-
glucamine, and the like.

A “pharmaceutically acceptable ester” of a compound of
the invention means an ester that is pharmaceutically accept-
able and that possesses the desired pharmacological activity
of the parent compound, and includes, but is not limited to,
alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl, het-
eroaralkyl, cycloalkyl and heterocyclyl esters of acidic
groups, including, but not limited to, carboxylic acids, phos-
phoric acids, phosphinic acids, sulfonic acids, sulfinic acids
and boronic acids.
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A “pharmaceutically acceptable enol ether” ofa compound
of'the invention means an enol ether that is pharmaceutically
acceptable and that possesses the desired pharmacological
activity of the parent compound, and includes, but is not
limited to, derivatives of formula C—C(OR) where R is
hydrogen, alkyl, alkenyl, alkynyl, aryl, heteroaryl, aralkyl,
heteroaralkyl, cycloalkyl or heterocyclyl.

A “pharmaceutically acceptable solvate or hydrate” of a
compound of the invention means a solvate or hydrate com-
plex that is pharmaceutically acceptable and that possesses
the desired pharmacological activity of the parent compound,
and includes, but is not limited to, complexes of a compound
of'the invention with one or more solvent or water molecules,
or 1 to about 100, or 1 to about 10, or one to about 2, 3 or 4,
solvent or water molecules.

“Pro-drugs” means any compound that releases an active
parent drug according to one or more of the generic formulas
shown below in vivo when such prodrug is administered to a
mammalian subject. Prodrugs of a compound of one or more
of the generic formulas shown below are prepared by modi-
fying functional groups present in the compound of the
generic formula in such a way that the modifications may be
cleaved in vivo to release the parent compound. Prodrugs
include compounds of one or more of the generic formulas
shown below wherein a hydroxy, amino, or sulthydryl group
in one or more of the generic formulas shown below is bonded
to any group that may be cleaved in vivo to regenerate the free
hydroxyl, amino, or sulthydryl group, respectively. Examples
of'prodrugs include, but are not limited to esters (e.g., acetate,
formate, and benzoate derivatives), carbamates (e.g., N,N-
dimethylaminocarbonyl) of hydroxy functional groups in
compounds of one or more of the generic formulas shown
below, and the like.

The term “organic group” and “organic radical” as used
herein means any carbon-containing group, including hydro-
carbon groups that are classified as an aliphatic group, cyclic
group, aromatic group, functionalized derivatives thereof
and/or various combinations thereof. The term “aliphatic
group” means a saturated or unsaturated linear or branched
hydrocarbon group and encompasses alkyl, alkenyl, and alky-
nyl groups, for example. The term “alkyl group” means a
substituted or unsubstituted, saturated linear or branched
hydrocarbon group or chain (e.g., C, to Cy) including, for
example, methyl, ethyl, isopropyl, tert-butyl, heptyl, iso-pro-
pyl, n-octyl, dodecyl, octadecyl, amyl, 2-ethylhexyl, and the
like. Suitable substituents include carboxy, protected car-
boxy, amino, protected amino, halo, hydroxy, protected
hydroxy, nitro, cyano, monosubstituted amino, protected
monosubstituted amino, disubstituted amino, C, to C, alkoxy,
C, to C, acyl, C, to C, acyloxy, and the like. The term “sub-
stituted alkyl” means the above defined alkyl group substi-
tuted from one to three times by a hydroxy, protected
hydroxy, amino, protected amino, cyano, halo, triflorom-
ethyl, mono-substituted amino, di-substituted amino, lower
alkoxy, lower alkylthio, carboxy, protected carboxy, or a car-
boxy, amino, and/or hydroxy salt. As used in conjunction with
the substituents for the heteroaryl rings, the terms “substi-
tuted (cycloalkyl)alkyl” and “substituted cycloalkyl” are as
defined below substituted with the same groups as listed for a
“substituted alkyl” group. The term “alkenyl group” means an
unsaturated, linear or branched hydrocarbon group with one
or more carbon-carbon double bonds, such as a vinyl group.
The term “alkynyl group” means an unsaturated, linear or
branched hydrocarbon group with one or more carbon-carbon
triple bonds. The term “cyclic group” means a closed ring
hydrocarbon group that is classified as an alicyclic group,
aromatic group, or heterocyclic group. The term “alicyclic
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group” means a cyclic hydrocarbon group having properties
resembling those of aliphatic groups. The term “aromatic
group” or “aryl group” means a mono- or polycyclic aromatic
hydrocarbon group, and may include one or more heteroat-
oms, and which are further defined below. The term “hetero-
cyclic group” means a closed ring hydrocarbon in which one
or more of the atoms in the ring are an element other than
carbon (e.g., nitrogen, oxygen, sulfur, etc.), and are further
defined below.

“Organic groups” may be functionalized or otherwise
comprise additional functionalities associated with the
organic group, such as carboxyl, amino, hydroxyl, and the
like, which may be protected or unprotected. For example, the
phrase “alkyl group” is intended to include not only pure open
chain saturated hydrocarbon alkyl substituents, such as
methyl, ethyl, propyl, t-butyl, and the like, but also alkyl
substituents bearing further substituents known in the art,
such as hydroxy, alkoxy, alkylsulfonyl, halogen atoms,
cyano, nitro, amino, carboxyl, etc. Thus, “alkyl group”
includes ethers, esters, haloalkyls, nitroalkyls, carboxyalkyls,
hydroxyalkyls, sulfoalkyls, etc.

The terms “halo” and “halogen” refer to the fluoro, chloro,
bromo or iodo groups. There can be one or more halogen,
which are the same or different. Halogens of particular inter-
est include chloro and bromo groups.

The term “haloalkyl” refers to an alkyl group as defined
above that is substituted by one or more halogen atoms. The
halogen atoms may be the same or different. The term “diha-
loalkyl” refers to an alkyl group as described above that is
substituted by two halo groups, which may be the same or
different. The term “trihaloalkyl” refers to an alkyl group as
describe above that is substituted by three halo groups, which
may be the same or different. The term “perhaloalkyl” refers
to a haloalkyl group as defined above wherein each hydrogen
atom in the alkyl group has been replaced by a halogen atom.
The term “perfluoroalkyl” refers to a haloalkyl group as
defined above wherein each hydrogen atom in the alkyl group
has been replaced by a fluoro group.

The term “cycloalkyl” means a mono-, bi-, or tricyclic
saturated ring that is fully saturated or partially unsaturated.
Examples of such a group included cyclopropyl, cyclobutyl,
cyclopentyl, cyclohexyl, cycloheptyl, adamantyl, cyclooctyl,
cis- or trans decalin, bicyclo[2.2.1]hept-2-ene, cyclohex-1-
enyl, cyclopent-1-enyl, 1,4-cyclooctadienyl, and the like.

The term “(cycloalkyl)alkyl” means the above-defined
alkyl group substituted for one of the above cycloalkyl rings.
Examples of such a group include (cyclohexyl)methyl, 3-(cy-
clopropyl)-n-propyl, 5-(cyclopentyl)hexyl, 6-(adamantyl)
hexyl, and the like.

The term “substituted phenyl” specifies a phenyl group
substituted with one or more moieties, and in some instances
one, two, or three moieties, chosen from the groups consisting
ot'halogen, hydroxy, protected hydroxy, cyano, nitro, trifluo-
romethyl, C, to C, alkyl, C, to C, alkoxy, C, to C; acyl, C, to
C, acyloxy, carboxy, oxycarboxy, protected carboxy, car-
boxymethyl, protected carboxymethyl, hydroxymethyl, pro-
tected hydroxymethyl, amino, protected amino, (monosub-
stituted)amino, protected (monosubstituted)amino,
(disubstituted)amino, carboxamide, protected carboxamide,
N—(C, to Cy alkyl)carboxamide, protected N—(C, to Cq
alkyl)carboxamide, N,N-di(C, to C, alkyl)carboxamide, tri-
fluoromethyl, N—((C, to Cq4 alkyl)sulfonyl)amino, N-(phe-
nylsulfonyl)amino or phenyl, substituted or unsubstituted,
such that, for example, a biphenyl or naphthyl group results.

Examples of the term “substituted phenyl” includes a
mono- or di(halo)phenyl group such as 2, 3 or 4-chlorophe-
nyl, 2,6-dichlorophenyl, 2,5-dichlorophenyl, 3,4-dichlo-
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rophenyl, 2, 3 or 4-bromophenyl, 3,4-dibromophenyl,
3-chloro-4-fluorophenyl, 2, 3 or 4-fluorophenyl and the like;
amono or dithydroxy)phenyl group such as 2, 3, or 4-hydrox-
yphenyl, 2,4-dihydroxyphenyl, the protected-hydroxy
derivatives thereof and the like; a nitrophenyl group such as 2,
3, or 4-nitrophenyl; a cyanophenyl group, for example, 2, 3 or
4-cyanophenyl; a mono- or di(alkyl)phenyl group such as 2,
3, or 4-methylphenyl, 2,4-dimethylphenyl, 2, 3 or 4-(iso-
propyl)phenyl, 2, 3, or 4-ethylphenyl, 2, 3 or 4-(n-propyl)
phenyl and the like; a mono or di(alkoxy)phenyl group, for
example, 2,6-dimethoxyphenyl, 2, 3 or 4-(isopropoxy)phe-
nyl, 2, 3 or 4-(t-butoxy)phenyl, 3-ethoxy-4-methoxyphenyl
and the like; 2, 3 or 4-trifluoromethylphenyl; a mono- or
dicarboxyphenyl or (protected carboxy)phenyl group such as
2, 3 or 4-carboxyphenyl or 2,4-di(protected carboxy)phenyl;
a mono- or dithydroxymethyl)phenyl or (protected
hydroxymethyl)phenyl such as 2, 3 or 4-(protected
hydroxymethyl)phenyl or 3.4-di(hydroxymethyl)phenyl; a
mono- or di(aminomethyl)phenyl or (protected aminometh-
yDphenyl such as 2, 3 or 4-(aminomethyl)phenyl or 2.4-
(protected aminomethyl)phenyl; or a mono- or di(N-(meth-
ylsulfonylamino))phenyl such as 2, 3 or 4-(N-
(methylsulfonylamino))phenyl. Also, the term “substituted
phenyl” represents disubstituted phenyl groups wherein the
substituents are different, for example, 3-methyl-4-hydrox-
yphenyl, 3-chloro-4-hydroxyphenyl, 2-methoxy-4-bro-
mophenyl, 4-ethyl-2-hydroxyphenyl, 3-hydroxy-4-nitrophe-
nyl, 2-hydroxy-4-chlorophenyl and the like.

The term “(substituted phenyl)alkyl” means one of the
above substituted phenyl groups attached to one of the above-
described alkyl groups. Examples of include such groups as
2-phenyl-1-chloroethyl, 2-(4'-methoxyphenyl)ethyl, 4-(2',6'-
dihydroxy phenyl)n-hexyl, 2-(5'-cyano-3'-methoxyphenyl)
n-pentyl, 3-(2',6'-dimethylphenyl)n-propyl, 4-chloro-3-ami-
nobenzyl, 6-(4'-methoxyphenyl)-3-carboxy(n-hexyl), 5-(4'-
aminomethylphenyl)-3-(aminomethyl)n-pentyl, 5-phenyl-3-
oxo-n-pent-1-yl, (4-hydroxynapth-2-yl)methyl and the like.

As noted above, the term “aromatic” or “aryl” refers to six
membered carbocyclic rings. Also as noted above, the term
“heteroaryl” denotes optionally substituted five-membered
or six-membered rings that have 1 to 4 heteroatoms, such as
oxygen, sulfur and/or nitrogen atoms, in particular nitrogen,
either alone or in conjunction with sulfur or oxygen ring
atoms.

Furthermore, the above optionally substituted five-mem-
bered or six-membered rings can optionally be fused to an
aromatic S5-membered or 6-membered ring system. For
example, the rings can be optionally fused to an aromatic
5-membered or 6-membered ring system such as a pyridine or
a triazole system, and preferably to a benzene ring.

The following ring systems are examples of the heterocy-
clic (whether substituted or unsubstituted) radicals denoted
by the term “heteroaryl”: thienyl, furyl, pyrrolyl, pyrrolidinyl,
imidazolyl, isoxazolyl, triazolyl, thiadiazolyl, oxadiazolyl,
tetrazolyl, thiatriazolyl, oxatriazolyl, pyridyl, pyrimidyl,
pyrazinyl, pyridazinyl, oxazinyl, triazinyl, thiadiazinyl tetra-
zolo, 1,5-[b]pyridazinyl and purinyl, as well as benzo-fused
derivatives, for example, benzoxazolyl, benzthiazolyl, benz-
imidazolyl and indolyl.

Substituents for the above optionally substituted heteroaryl
rings are from one to three halo, trihalomethyl, amino, pro-
tected amino, amino salts, mono-substituted amino, di-sub-
stituted amino, carboxy, protected carboxy, carboxylate salts,
hydroxy, protected hydroxy, salts of a hydroxy group, lower
alkoxy, lower alkylthio, alkyl, substituted alkyl, cycloalkyl,
substituted cycloalkyl, (cycloalkyl)alkyl, substituted (cy-
cloalkyl)alkyl, phenyl, substituted phenyl, phenylalkyl, and
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(substituted phenyl)alkyl. Substituents for the heteroaryl
group are as heretofore defined, or in the case of trihalom-
ethyl, can be trifluoromethyl, trichloromethyl, tribromom-
ethyl, or triiodomethyl. As used in conjunction with the above
substituents for heteroaryl rings, “lower alkoxy” means a C,
to C, alkoxy group, similarly, “lower alkylthio” means aC, to
C, alkylthio group.

The term “(monosubstituted)amino” refers to an amino
group with one substituent chosen from the group consisting
of phenyl, substituted phenyl, alkyl, substituted alkyl, C, to
C, acyl, C, to C, alkenyl, C, to C, substituted alkenyl, C, to
C, alkynyl, C, to C, ;s alkylaryl, C, to C, s substituted alkylaryl
and heteroaryl group. The (monosubstituted) amino can addi-
tionally have an amino-protecting group as encompassed by
the term “protected (monosubstituted)amino.” The term
“(disubstituted)amino” refers to amino groups with two sub-
stituents chosen from the group consisting of phenyl, substi-
tuted phenyl, alkyl, substituted alkyl, C, to C, acyl, C, to C,
alkenyl, C, to C, alkynyl, C, to C,4 alkylaryl, C, to C,¢
substituted alkylaryl and heteroaryl. The two substituents can
be the same or different.

The term “heteroaryl(alkyl)” denotes an alkyl group as
defined above, substituted at any position by a heteroaryl
group, as above defined.

“Optional” or “optionally” means that the subsequently
described event, circumstance, feature, or element may, but
need not, occur, and that the description includes instances
where the event or circumstance occurs and instances in
which it does not. For example, “heterocyclo group option-
ally mono- or di-substituted with an alkyl group” means that
the alkyl may, but need not, be present, and the description
includes situations where the heterocyclo group is mono- or
disubstituted with an alkyl group and situations where the
heterocyclo group is not substituted with the alkyl group.

Compounds that have the same molecular formula but
differ in the nature or sequence of bonding of their atoms or
the arrangement of their atoms in space are termed “isomers.”
Isomers that differ in the arrangement of their atoms in space
are termed “stereoisomers.” Stereoisomers that are not mirror
images of one another are termed “diastereomers” and those
that are non-superimposable mirror images of each other are
termed “enantiomers.” When a compound has an asymmetric
center, for example, it is bonded to four different groups, a
pair of enantiomers is possible. An enantiomer can be char-
acterized by the absolute configuration of its asymmetric
center and is described by the R- and S-sequencing rules of
Cahn and Prelog, or by the manner in which the molecule
rotates the plane of polarized light and designated as dex-
trorotatory or levorotatory (i.e., as (+) or (-)-isomers respec-
tively). A chiral compound can exist as either individual enan-
tiomer or as a mixture thereof. A mixture containing equal
proportions of the enantiomers is called a “racemic mixture.”

A subject compound may possess one or more asymmetric
centers; such compounds can therefore be produced as indi-
vidual (R)- or (S)-stereoisomers or as mixtures thereof.
Unless indicated otherwise, the description or naming of a
particular compound in the specification and claims is
intended to include both individual enantiomers and mix-
tures, racemic or otherwise, thereof. The methods for the
determination of stereochemistry and the separation of stere-
oisomers are well-known in the art (see, e.g., the discussion in
Chapter 4 of “Advanced Organic Chemistry”, 4th edition J.
March, John Wiley and Sons, New York, 1992).

“In combination with” as used herein refers to uses where,
for example, the first compound is administered during the
entire course of administration of the second compound;
where the first compound is administered for a period of time
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that is overlapping with the administration of the second
compound, e.g. where administration of the first compound
begins before the administration of the second compound and
the administration of the first compound ends before the
administration of the second compound ends; where the
administration of the second compound begins before the
administration of the first compound and the administration
of'the second compound ends before the administration of the
first compound ends; where the administration of the first
compound begins before administration of the second com-
pound begins and the administration of the second compound
ends before the administration of the first compound ends;
where the administration of the second compound begins
before administration of the first compound begins and the
administration of the first compound ends before the admin-
istration of the second compound ends. As such, “in combi-
nation” can also refer to regimen involving administration of
two or more compounds. “In combination with” as used
herein also refers to administration of two or more com-
pounds which may be administered in the same or different
formulations, by the same of different routes, and in the same
or different dosage form type.

Before the present invention is further described, it is to be
understood that this invention is not limited to particular
embodiments described, as such may, of course, vary. It is
also to be understood that the terminology used herein is for
the purpose of describing particular embodiments only, and is
not intended to be limiting, since the scope of the present
invention will be limited only by the appended claims.

Where a range of values is provided, it is understood that
each intervening value, to the tenth of the unit of the lower
limit unless the context clearly dictates otherwise, between
the upper and lower limit of that range and any other stated or
intervening value in that stated range, is encompassed within
the invention. The upper and lower limits of these smaller
ranges may independently be included in the smaller ranges,
and are also encompassed within the invention, subject to any
specifically excluded limit in the stated range. Where the
stated range includes one or both of the limits, ranges exclud-
ing either or both of those included limits are also included in
the invention.

Unless defined otherwise, all technical and scientific terms
used herein have the same meaning as commonly understood
by one of ordinary skill in the art to which this invention
belongs. Although any methods and materials similar or
equivalent to those described herein can also be used in the
practice or testing of the present invention, the preferred
methods and materials are now described. All publications
mentioned herein are incorporated herein by reference to
disclose and describe the methods and/or materials in con-
nection with which the publications are cited.

It must be noted that as used herein and in the appended
claims, the singular forms “a,” “an,” and “the” include plural
referents unless the context clearly dictates otherwise. Thus,
for example, reference to “a mitochondrial aldehyde dehy-
drogenase-2 agonist” includes a plurality of such agonists and
reference to “the pharmaceutical composition” includes ref-
erence to one or more pharmaceutical compositions and
equivalents thereof known to those skilled in the art, and so
forth. It is further noted that the claims may be drafted to
exclude any optional element. As such, this statement is
intended to serve as antecedent basis for use of such exclusive
terminology as “solely,” “only” and the like in connection
with the recitation of claim elements, or use of a “negative”
limitation.

The publications discussed herein are provided solely for
their disclosure prior to the filing date of the present applica-
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tion. Nothing herein is to be construed as an admission that
the present invention is not entitled to antedate such publica-
tion by virtue of prior invention. Further, the dates of publi-
cation provided may be different from the actual publication
dates which may need to be independently confirmed.

DETAILED DESCRIPTION

The present invention provides compounds that function as
modulators of mitochondrial aldehyde dehydrogenase-2
(ALDH2) activity; and pharmaceutical compositions com-
prising the compounds. Agonists of ALDH2 are useful for
treating a variety of disorders, including, e.g., conditions
involving ischemic stress, chronic free-radical associated dis-
eases, acute free-radical associated diseases, insensitivity to
nitroglycerin (e.g., in angina and heart failure), hypertension,
diabetes, and osteoporosis. Agonists of ALDH2 are also use-
ful for reducing the level in an individual of a compound such
as ethanol, methanol, ethylene glycol monomethyl ether,
polyvinyl chloride, xenogenic aldehydes, and biogenic alde-
hydes. Agonists of ALDH?2 are also useful for reducing the
level in an individual of a compound that, when ingested,
absorbed, or inhaled, gives rise to an aldehyde substrate for
ALDH2. Antagonists of ALDH?2 are useful for treating dis-
orders such as cancer, where the ALDH?2 antagonist is used as
an adjuvant to a standard cancer therapy. Antagonists of
ALDH2 are also useful for treating alcoholism. Antagonists
of ALDH2 are also useful for treating narcotic addiction. The
present invention provides therapeutic methods involving
administering a subject compound, or a subject pharmaceu-
tical composition. The present invention further provides
assays for identifying agonists of ALDH2.

In some embodiments, individuals to be treated are
humans. In some embodiments, a human to be treated accord-
ing to a subject method is one that has two “wild-type”
ALDH2 alleles, e.g., the ALDH2 encoded by the two wild-
type ALDH2 alleles has a glutamic acid at position 487, as
depicted in FIG. 1A. In other embodiments, a human to be
treated according to a subject method is one that has one or
two “ALDH2%*2” alleles, e.g., the ALDH2 encoded by one or
both ALDH?2 alleles comprises a lysine as amino acid posi-
tion 487, as depicted in FIG. 1B. The E487K polymorphism
is a semidominant polymorphism, and results in an ALDH2
tetramer that has significantly lower enzymatic activity than
“wild-type” ALDH2. Thus, individuals who are heterozy-
gous or homozygous for the ALDH2*2 allele have much
lower in vivo ALDH2 activity levels than individuals who are
homozygous for the “wild-type” ALDH2 allele. Individuals
who are heterozygous or homozygous for the ALDH2%*2
allele are expected to benefit from treatment with a subject
ALDH2 agonist, because the level of ALDH2 activity in such
individuals is particularly low, and any increase of ALDH2
activity levels would be expected to provide a therapeutic
effect. Any increase in ALDH2 activity would be beneficial in
treating conditions such as ischemic disorders, in increasing
the responsiveness of such individuals to nitroglycerin, etc.,
as discussed in more detail below.

The use of ALDH2 variants, such as an E487K ALDH2
variant, in screening methods to identify ALDH2 activators
(agonists) is also provided. Because the E487K ALDH2 vari-
ant has lower enzymatic activity than the “wild-type”
ALDH2, the readout for agonist activity of a test compound is
more sensitive.

Modulators of Mitochondrial Aldehyde Dehydrogenase-2

The present invention provides compounds that function as
modulators of mitochondrial aldehyde dehydrogenase-2
(ALDH2) activity; and pharmaceutical compositions com-
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prising the compounds. Modulators include agonists (also
referred to herein as “activators”) and antagonists (also
referred to herein as “inhibitors™).

In some embodiments, a compound that modulates
ALDH2 activity modulates a dehydrogenase activity of
ALDH2, e.g., the compound modulates dehydrogenase activ-
ity in oxidizing an aldehyde (e.g., a xenogenic aldehyde, a
biogenic aldehyde, or an aldehyde produced from a com-
pound that is ingested, inhaled, or absorbed) to the corre-
sponding acid. In other embodiments, a compound that
modulates ALDH?2 activity modulates an esterase activity of
ALDH2. In other embodiments, a compound that modulates
ALDH2 activity modulates a reductase activity of ALDH?2.
For example, ALDH2 can convert nitroglycerin to nitric
oxide (NO) via its reductase activity.

As noted above, in some embodiments, a compound that
modulates ALDH2 activity modulates a dehydrogenase
activity of ALDH2, e.g., the compound modulates dehydro-
genase activity in oxidizing an aldehyde (e.g., a xenogenic
aldehyde, a biogenic aldehyde, or an aldehyde produced from
a compound that is ingested, inhaled, or absorbed) to the
corresponding acid.

A variety of compounds can give rise to aldehyde sub-
strates for ALDH2. Non-limiting examples of compounds
that can give rise to aldehyde substrates for ALDH2 include
ethanol; a variety of insecticides; industrial toxins such as
vinyl chlorides (e.g., polyvinyl chloride); and pyruvate. For
example, a compound is ingested, absorbed (e.g., through the
skin), or inhaled, by a mammal and is subsequently converted
in the mammal into an aldehyde substrate for ALDH2.

Biogenic aldehydes include aldehydes that are produced
by amammal, e.g., are produced metabolically by a mammal.
Non-limiting examples of biogenic aldehydes include co-6
polyunsaturated fatty acids, such as malondialdehyde
(MDA); hexanal; acrolein; glyoxal; crotonaldehyde; trans-2-
nonenal; 4-0x0-2-nonenal; and 4-hydroxy-2-nonenal (HNE)
(see e.g., Ellis, Pharmacology & Therapeutics (2007) 115:13,
Picklo and Montine (2007) J Alzheimers Dis. 12:185); 3-ami-
nopropanal (3-AP), a product of polyamine oxidase; and
aldehyde products of tyrosine, serine and threonine (see
Wood et al, Brain Res (2006)1095; 190).

Xenogenic aldehydes include aldehydes ingested,
absorbed, or inhaled by a mammal from source outside the
mammal. Xenogenic aldehydes include, e.g., formaldehyde
and glutaraldehyde (e.g., McGregor et al., Crit Rev Toxicol
(2006) 36:821 and Pandey et al Hum Exp. Toxicol. (2000)
19:360); chloroacetaldehyde (see e.g., Richardson et al.,
Mutat. Research (2007) 636:178); and reactive aldehydes
present in cigarette smoke (see Simth et al., Inhal. Toxicol.
(2006) 18:667).

Non-limiting examples of compounds that are substrates
for mitochondrial ALDH2 include 3,4-dihydroxypheylac-
etaldehyde (DOPAL); formaldehyde; acetaldehyde; propi-
onaldehyde; n-butyraldehyde; capronaldehyde; heptalde-
hyde; pentaldehyde;  octylaldehyde;  decylaldehyd;
retinaldehyde; 3-hydroxybenzaldehyde; 2,5-dihydroxyben-
zaldehyde; phenylacetaldehyde; 3-phenylpropionaldehyde
(see, e.g., Want et al. (2002) Drug Metabolism and Disposi-
tion 30:69); cinnamoyl and hydrocinnamoyl aldehydes and
their derivative aldehydes (e.g. p-nitrocinnamaldehyde,
p-(dimethylamino)cinnamaldehyde, hydrocinnamaldehyde,
a-phenylpropionaldehyde); benzaldehyde and its derivative
aldehydes (e.g. 2,4-dinitro-benzaldehyde, o-nitro-benzalde-
hyde, p-nitro-benzaldehyde, p-methyl-benzaldehyde, m-me-
thyl-benzaldehyde, p-methoxy-benzaldehyde, p-(dimethy-
lamino)-benzaldehyde, m-methoxy-benzaldehyde,
m-hydroxy-benzaldehyde,  3,4-dimethoxy-benzaldehyde,
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o-methoxy-benzaldehyde); naphthaldehyde and its derivative
aldehydes (e.g. S5-bromo-1-naphthaldehyde, 5-nitro-1-naph-
thaldehyde, 6]O—(CH,)s—COOH]-2-naphthaldehyde,
6-(dimethylamino)-2-naphthaldehyde); coumarin-4-carbox-
aldehyde and its derivative aldehydes (e.g. 7-acetoxy-cou-
marin-4-carboxaldehyde, 7-(dimethylamino)-coumarin-4-
carboxaldehyde, 7-methoxy-coumarin-4-carboxaldehyde,
6,7-dimethoxy-coumarin-4-carboxaldehyde); quinoline,
quinolinonecarboxaldehyde, and their derivative aldehydes
(e.g. quinoline-3-carboxaldehyde, 7-(dimethylamino)-2-
quinolinone-4-carboxaldehyde, quinoline-4-carboxalde-
hyde, 6-methoxy-2-quinolinone-4-carboxaldehyde);
phenanthrene-9-carboxaldehyde; indole-3-aldehyde,indole-
3-actaldehyde; 5-methoxyindole-3-carboxaldehyde; 3-py-
ridinecarboxaldehyde; fluorene-2-carboxaldehyde (see, e.g.,
Klyosov, (1996) Biochemstry 35:4457); 4-hydroxynonenal;
malondialdehyde; 3,4-dihydroxyphenylacetaldehyde; and
5-hydroxylindole-3-acetaldehyde. See, also, e.g., Williams et
al. (2005) Anal. Chem. 77:3383; Marchitti et al. (2007) Phar-
macol. Rev. 59:125; and Hoffman and Maser (2007) Drug
Metab. Rev. 39:87.

ALDH2 Agonists

The present invention provides ALDH2 agonists (also
referred to as “activators™); and pharmaceutical compositions
comprising ALDH2 agonists. Agonists of ALDH2 are useful
for treating a variety of disorders, including, e.g., conditions
involving ischemic stress, chronic free-radical associated dis-
eases, acute free-radical associated diseases, insensitivity to
nitroglycerin (e.g., in angina and heart failure), hypertension,
diabetes, and osteoporosis. Agonists are also useful in the
detoxification of alcohol abuse, methanol poisoning, ethylene
glycol monomethyl ether poisoning, and poisoning due to
other xenogenic or biogenic aldehyde compounds.

An ALDH?2 agonist increases an enzymatic activity of an
ALDH2 polypeptide by at least about 5%, at least about 10%,
at least about 15%, at least about 20%, at least about 25%, at
least about 30%, at least about 35%, at least about 40%, at
least about 45%, at least about 50%, at least about 60%, at
least about 70%, at least about 80%, at least about 90%, at
least about 100% (or two-fold), at least about 2.5-fold, at least
about 5-fold, at least about 10-fold, at least about 15-fold, at
least about 20-fold, at least about 25-fold, or at least about
50-fold, or greater than 50-fold, when compared to the enzy-
matic activity of the ALDH2 polypeptide in the absence of the
agonist.

In some embodiments, an ALDH2 agonist increases a
dehydrogenase activity (e.g., dehydrogenase activity in oxi-
dizing an aldehyde (e.g., a xenogenic aldehyde, a biogenic
aldehyde, or an aldehyde produced from a compound that is
ingested, inhaled, or absorbed) to the corresponding acid) of
an ALDH?2 polypeptide by at least about 5%, at least about
10%, at least about 15%, at least about 20%, at least about
25%, at least about 30%, at least about 35%, at least about
40%, at least about 45%, at least about 50%, at least about
60%, at least about 70%, at least about 80%, at least about
90%, at least about 100% (or two-fold), at least about 2.5-
fold, at least about 5-fold, at least about 10-fold, at least about
15-fold, at least about 20-fold, at least about 25-fold, or at
least about 50-fold, or greater than 50-fold, when compared
to the dehydrogenase activity of the ALDH?2 polypeptide in
the absence of the agonist.

In some embodiments, an ALDH2 agonist increases the
esterase activity of an ALDH2 polypeptide by at least about
5%, at least about 10%, at least about 15%, at least about 20%,
at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at
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least about 90%, at least about 100% (or two-fold), at least
about 2.5-fold, at least about 5-fold, at least about 10-fold, at
least about 15-fold, at least about 20-fold, at least about
25-fold, or at least about 50-fold, or greater than 50-fold,
when compared to the esterase activity of the ALDH2
polypeptide in the absence of the agonist.

In some embodiments, an ALDH2 agonist increases the
reductase activity of an ALDH?2 polypeptide by at least about
5%, at least about 10%, at least about 15%, at least about 20%,
at least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at
least about 90%, at least about 100% (or two-fold), at least
about 2.5-fold, at least about 5-fold, at least about 10-fold, at
least about 15-fold, at least about 20-fold, at least about
25-fold, or at least about 50-fold, or greater than 50-fold,
when compared to the reductase activity of the ALDH2
polypeptide in the absence of the agonist.

In some embodiments, an ALDH2 agonist increases an
enzymatic activity of an ALDH?2 polypeptide comprising an
amino acid sequence set forth in SEQ ID NO:1 (depicted in
FIG. 1A), or as set forth in amino acids 18-517 of SEQ ID
NO:1, by at least about 5%, at least about 10%, at least about
15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about
100% (or two-fold), at least about 2.5-fold, at least about
5-fold, at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 25-fold, or at least about 50-fold,
or greater than 50-fold, when compared to the enzymatic
activity of the ALDH2 polypeptide in the absence of the
agonist.

In some embodiments, an ALDH2 agonist increases a
dehydrogenase activity (e.g., dehydrogenase activity in oxi-
dizing an aldehyde (e.g., a xenogenic aldehyde, a biogenic
aldehyde, or an aldehyde produced from a compound that is
ingested, inhaled, or absorbed) to the corresponding acid) of
an ALDH2 polypeptide comprising an amino acid sequence
set forth in SEQ ID NO:1 (depicted in FIG. 1A), or as set forth
in amino acids 18-517 of SEQ ID NO:1, by at least about 5%,
at least about 10%, at least about 15%, at least about 20%, at
least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at
least about 90%, at least about 100% (or two-fold), at least
about 2.5-fold, at least about 5-fold, at least about 10-fold, at
least about 15-fold, at least about 20-fold, at least about
25-fold, or at least about 50-fold, or greater than 50-fold,
when compared to the dehydrogenase activity of the ALDH2
polypeptide in the absence of the agonist.

In some embodiments, an ALDH2 agonist increases an
esterase activity of an ALDH2 polypeptide comprising an
amino acid sequence set forth in SEQ ID NO:1 (depicted in
FIG. 1A), or as set forth in amino acids 18-517 of SEQ ID
NO:1, by at least about 5%, at least about 10%, at least about
15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about
100% (or two-fold), at least about 2.5-fold, at least about
5-fold, at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 25-fold, or at least about 50-fold,
or greater than 50-fold, when compared to the esterase activ-
ity of the ALDH2 polypeptide in the absence of the agonist.

In some embodiments, an ALDH2 agonist increases a
reductase activity of an ALDH2 polypeptide comprising an

10

15

20

25

30

35

40

45

50

55

60

65

14

amino acid sequence set forth in SEQ ID NO:1 (depicted in
FIG. 1A), or as set forth in amino acids 18-517 of SEQ ID
NO:1, by at least about 5%, at least about 10%, at least about
15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about
100% (or two-fold), at least about 2.5-fold, at least about
5-fold, at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 25-fold, or at least about 50-fold,
or greater than 50-fold, when compared to the reductase
activity of the ALDH2 polypeptide in the absence of the
agonist.

In some embodiments, an ALDH2 agonist increases an
enzymatic activity of an ALDH2 polypeptide comprising an
amino acid sequence set forth in SEQ ID NO:2 (depicted in
FIG. 1B), or as set forth in amino acids 18-517 of SEQ ID
NO:2, by at least about 5%, at least about 10%, at least about
15%, at least about 20%, at least about 25%, at least about
30%, at least about 35%, at least about 40%, at least about
45%, at least about 50%, at least about 60%, at least about
70%, at least about 80%, at least about 90%, at least about
100% (or two-fold), at least about 2.5-fold, at least about
5-fold, at least about 10-fold, at least about 15-fold, at least
about 20-fold, at least about 25-fold, or at least about 50-fold,
or greater than 50-fold, when compared to the enzymatic
activity of the ALDH2 polypeptide in the absence of the
agonist.

In some embodiments, an ALDH2 agonist increases a
dehydrogenase activity (e.g., dehydrogenase activity in oxi-
dizing an aldehyde (e.g., a xenogenic aldehyde, a biogenic
aldehyde, or an aldehyde produced from a compound that is
ingested, inhaled, or absorbed) to the corresponding acid) of
an ALDH2 polypeptide comprising an amino acid sequence
set forth in SEQ ID NO:2 (depicted in FIG. 1B), or as set forth
in amino acids 18-517 of SEQ ID NO:2, by at least about 5%,
at least about 10%, at least about 15%, at least about 20%, at
least about 25%, at least about 30%, at least about 35%, at
least about 40%, at least about 45%, at least about 50%, at
least about 60%, at least about 70%, at least about 80%, at
least about 90%, at least about 100% (or two-fold), at least
about 2.5-fold, at least about 5-fold, at least about 10-fold, at
least about 15-fold, at le